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EVALUATION OF GLASS FABRIC RSINFCECEO PLASTIC LAMINATES 

Prepared by £ 

F0 Robert Bernei; 

ABSTRACTS    Use "it reinforced plastics aa instfirialB ox construction for 
naval ordnance requires that specifications be established to control 
the quality of these materials,,    Many such rnaterial specifications 
already exist and are used as a basis for the procurement of plastics0 
Hox^ever.,. further information and exact data are required if these 
materials are to be properly used and specified in ordnance design,. 
Properties of laainate3 made with different reinforcements and tested 
under various environmental conditions peculiar to the ordnance field 
must be made available 

To provide a limited amount of specialize! data4 a program of evaluation 
of numerous materials and process variabl 3s on the physical* electrical 
and mechanical properties of glass doth laminates was undertaken by 
the Naval Ordnence Laboratory„    Included ijere the variables of fabric 
weave,, yarn weight, fabric finish, type r-ssin. teat panel thickness^ 
resin con tent ? sad temperature at the time of test*,    Test panels were 
molded voider- precise conoitiorisj and the properties of tLs laminates 
were measured after storage for cine week at 75°F and 50$ RH0 No data 
were taken after see water Ixaaersioni  outdoor eaqposure or other conditions 
of service,, 

WHITE OAK, MARILAUD 
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tJAVQRD Report ?te>9 ryfpnentn data on plastic laminates which are necessary 
for the specification oi' reinforced plastic oatcris-ls to be employed in 
the Manufacture of structures for naval ordnance devices..,    It is believed 
that they are sufficient frsr the specification of design models and 
prototypes.,    However > concurrent with teats on these units, considerable 
data r.iust 3till be gathered on the influence of such factors as sea water 
iiTcuersion., transportation ^ribration, impact, dead loads., and outdoor 
exposure and or variable storage tsnperatures and humidities«    These 
further data are necessaryfcefc^c satisfactory service life can be assured 
on materials subject to the nore stringent environmental, conditions* 
Test panels for the program discussed in thisEeport were prepai*ed at the 
Naval Ordnance Labors+ciry on its precision molding press and were then, 
sent to the Forest Products Laboratory, Modi sou* Wisconsin, for preparation 
of the test specimens., testing,  and reporting of the data.>    The work at 
'jn^i xo&teaw i k.vu.u.ou^ uuuC,vi /^J-.J,   .vi..^. ^arrj.cxi C-J.O ^y ;.„ ;i„  iioxAeji  anu i_.,  ;..., 
Qcwns#  engineers,,    Eseerptu fe-omSicir report to the Kaval Ordnance 
Laboratory are incorporated in this Seporto    The work was originated at 
the request of the Kaval Ordnance Test Station.. Ii^okern, Califorriar and 
was concluded a& authorised by task N0L-Rc6a-26£:--l5---53»    The data reported 
herein are applicable to a" .1 those applications where glass fabric rein- 
forced laminated plastics r.re materials of consideration in the production 
of ordnance„   They do nob, however, represent the jun tor,al of the data 
needed for this purpose,. 

H)V;ARD LO WOOPYABD 
Captain, USN 
Crsrsnander 

By direction 
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EVALUATION OF GLASS FABRIC iffiJIIFOECED PLASTIC- LAMIHATES 

INTKC0BGT.ICH 

lo The prograra to investigate the propezties of gIas3-fabric~reinforcsd 
plastie includes an evaluation of the physical, mechanical, and electrical 
proper-ties of specific laminates as molded, an well as the effects of a 
number of variables on these properties. 

2o It is the purpose of this investigaiiion to evaluate the properties of 
laminates made of two refin types, polyester and phenolic? five different 
glass-fabric weaves! two different types of y&m$  two different finishes; 
four different thicknesses^ five different resin contents; and tested at 
seven different temperatures* 

Preparation Of Teat Panels 

3o All of the laminates for this investigation were supplied by the Naval 
Ordnance Laboratory,, The panels were all parallel laminated with glass 
fabrics using either a polyester or phenolic-type resin as follows? 

All poiyester-resin laminates were wide using a act lay up procedure 
and an effort was made to eliminate the aii from the pieceo Six hundred 
?T Cellophane was used to contain the wet panel* After lay op the Cello- 
phane war, scaled with scotch uapu, .after which tiie panel ifis relied with 
a steel roller until the air had been eliminated* The entire operation 
required approximately 1 hourt The panel, Bias then placed in a Baldwin- 
Southward precision laminating press end pressure was applied. Approxi- 
mately 5 hours were required to produce a good, rolid gel at room tewper- 
ature0 At completion of this preliminary curing condition under pressure,, 
the laminate was removed from the press and placed in an oven operating 
at H0°F for 2k  hours to complete the cure* The resin and catalyst 
sysLerr. used was as follows? 

Resins parapiex P-4t3 (Rohm and Haas Co0) 
Catalyst: 1925 percent DDM (.Methyl ethyl, kotone peroxide) 
Accelerators lo00 percent Nuodex ( 6 percent) (Cobalt Naphther-ate) 

Ail phenolic laminates were made using a crj lay up procedureu The 
required number of plies of preircpregna';ed glass cloth were cut and laid 
in position on Cellophane (600 PT) after which they were sealed in nits 
scotch b?pe0 The piece was then placed in the 3'fidwin-Southwark precision 
laminating press and pressure was applied. After the desired pressure had 
been reached, heat was applied to the platenc and the oiece was maintained 
at a temoeraturs of 300& £ $Pf  for 1 hour to effect cure* At the end  of 
this heating period the press xv'as cooled to ambient temperature and the 
panel was removed. The impregnated clothe had the follwing cfcaraoiuriatica 
before cure* 

itpTscnoTic injpregaatsd glass cloth" was Created""'SyHrilSrleoa' Products, "lnc< 
Plastics Division., Oliver fiange, Michigan 
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Resin:    Bakelite B? 17085 
Resin content;    Approximately 3$ percent 
Volatile matters    6-1/2 percent volatile matter (determined by 

10-minute exposure at, l60°C) 

Further maiding data are given in Table 1» 

Test Methods 

Uo    The test procedures., in general^ conformed to the methods specified 
in Federal Goee ideation for Plastics, Organic:    General Specificafcionsy 
Test Methods, Ho* L~P^06a and amendments theretoo    The following 
mechanical, physical, and electrical tests were made on the specimens 
from each of the panels referred to in Table lo 

Mechanical teata 
Tension - Method 1011 
ComoroS3ion ~ Method 1023. 
Flexure - Method 1031 
Shear (double) - Method 1GU1 
Izcd iij^act - Method 1071 

Physical test3 
VJater~Abso:rptxon •• Method 7031 
Dimensional changa - Method 7031 
Specific gravity •- Method 5012 

lie sin content — 

Power factor~3    * 
Dielectric constant £ 

So   The specimens for the mechanical and p.'iysicai tp^fcs were out froiu ih« 
panels by means of a carboriinduiu S&MS aau when further shaping was 
necessary $ a fine enery wheel on a vertical spindle was used* The speci- 
mens ao machined were stored for at least a week prior to tc-tst at 7S°F ± 2°F, 

J-. WP-ii06a has no method so 'JSAF Specification 120^9, paragraph F-6b(lv) 
was used* 

£ The dielectric constant and power factor were determined at a frequency 
of 8,530 megacycles -p^r second,, by use of a "Microwave Dielectrometera. 
Model 2, manufactured by Central Research Laboratories, Inc<>, Red Wing* 
Minnesota,, Actually the loss tangent was determined., rather than power 

•Tri^'f.rtT*.      Vm+     -r*/-\v»   1 rvt.r. .1 *\.~--j    vr. *-i-r..-yt-\ r. \  e-     *»-*f*U     *. r-    4«l-.^.>»-»   —".  ~ £3f S ,-     *!.-,..i-T    i.-.' ~   1   ! 
«—www»^     w.a^.   — w*.      I-J«**UMV)   /^.v^."   j-.t—s-wJ    iMwa    •--„;     ui;t-i3C    ^JX^bUXv    ,L.5lJ£t.i..;lclVOS     WAUG 

difference between loss tangent and power factor does not exceed 3 units 
in the fifth decimal place, which '• n less ;-han tha experimental! error or 
the error introduced ry^- rounding off ths results +3 four docina] clacks 
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£0 ± 2 percent' relative humidi^r*   Mechanics! test specimens in Group 3 
were held at the test. temperature for 1/2 hour before testo   Temperature 
measurements with a thermocouple showed that the test- temperature was 
attained after 10 minutes e:coosurej however,  an additional 20 minute3 
was allowed before testings   The specimens for the electrical tests were 
roughly shaped on a Doali band saw and than finally shaped with machine 
tools and emery papero 

Discussion Of Results 

Ao    Evaluation of Laminates Hade of Fabrics of Different 
Weaves and Yarn Types 

Variations in Fabrics 

"°    Szrivralo    The investigation was concerned with the. variation in 
physical,, mechanical* arid electrical properties of laminates made with 
fabrics of different weaves©    Five cloth styles which included three types 
of weaves uere investigated* 

?o   Resin content*   The resin contents of the polyester—type laminates 
are greater t!hsn~ Those of the phenolic type having resin contents which 
range from 32«7 to Uh»7 percent as compared with the phenolic-type 
laminates which range from 22o3 to 29„3 percent,   A comparison of the 
lav-iinate with lib finish shows that the 128-type fabric has the highest 
resin content in its particular resin class*    In each resin class there is 
a duplication of panels made with l8l-jJii»22J> fabric*   The resin contents 
of these duplicate panels are very nearly equal,.. 

rroup 1 have specific 
muij nj-    There ore 

So    Specific gravity*   The tajority of the oaaels in Gr 
grava.trlee tniicn vary rrosi JU-oob .«., ^«>-.!.v ^0.^1; i.t wiu 
twe pastels, however,  (panels 1.2 and lc6, Table 1; which are considerably 
below this range*   Both of them were made of phenolic resin, one with 128- 
llli and the other- with I6I4.~II.IU fabric*   Except for thes3 t;:o panels, the 
values £i-e within the range usually found 321 glass««fabric-base laminates* 
It iia-s found, however, that duplicate panels made of these two fabrics and 
phenolic resin had about th<-.; sane specific gravities ac those tabulated so 
it was concluded that this Xow specific gravity was because of insufficient 
resin on the fabric thus allowing too little compression of the plies in 
the fabrication technique employed* 

<?«   Water absorption and dimensional cluu.ige.i    There were considerably more 
pores or voids in ^hirTamiuTates (panels jT,,"2~and 1„6) having lew specific 
gravity than in the other laminates, which wez*e void-ires*    This fact 
accounts for the high t^lues of water absorption for these two panels (Table 
2S Coluran 5)e   / comparison of values shore that the water absorption of 
laminates fabricated with polyester resin is under 0*1^ percent and that 
the value 3 from phenolic laminates are over 0o62 percent* 

1C« Table 2; Columns o to 0* which presents the dimensional chains due 
lo water absorption shows that the great-ess change is 0o£2 percent*   Tim 
small values are typical of giass-fs'oric«basa laasinateso 



llo    Gciar:reGgLcrj_ shear* and laod impact, gtrent-tuSo    Figure 1 also shows 
graphically £Hc Average otrer;g?H^ELues=Tor c:orrrnre;3sion,  shear„ and laocl 
impact-    Since all of the panels were parallel laminated, these strength 
values chow the relative strengths at 0° and 90° to the warp*    The lh3~ 
Hit, fabric is, af course, the strongest of the fabrics in the 0° direction 
and the weakest in the 9CP direction*    She ox.m.x fabrics arc not so 
unldirectionalo   The laminates made with l8l«typa fabric have higher 
strength values in compreasion and shear then do the other laminates tested 
but are weaker in impact strength*    The compre3ftive and snear strengths 
of a giver, fabric fabricated with phenolic resin are generally lower than 
Tor the same fabric iamiiiateci with a polyester; however, the reverse is 
true of their impact strengths.,    The laminates having voids, that is, the 
X?8 and I6I4 .fabrics having phenolic resin binder-  are definitely weaker 
Xn  '•-.^j. propel UJ.GOO 

12-   Tensions    The tensile properties of the various glass-fabric^base 
lainiri?rtes^r"as shown in Group 1 oil Table 3, are listed under two major 
headings, modulus of elasticity and  stress*    i'iiese vt'lues serve to defile 
an average atress— strain curve for the material iii question*    Such an 
average curve has been reproduced (Figure 2) £or each material in its 
two principal directions*    A coTnparison of those stress-strain curves 
shows that the lli3 fabric is highly unidirectional and that even though 
al] panels were parallel lam:lnated, the 0° and 90° properties of the 
ether laminates are nearly  equal*   The proportional limit values of all 
the laminates are a small percentage of the maximum r;ti-eFia   The meaning 
of this low value is questionable since the portion of the stress*strain, 
curve above it- is also a straight line for msst of the materials*   There 
wass however, a definite breik at this point for 1 ost of the materials* 
Previous experiments nave shi«m that if these materi.als are prestressed 
beyond the apparent initial proportional limit, a new modulus of 
elasticity v,nd proportional Limit are established,**   The new modulus 
of elasticity lias a lower value thaa the flieu one and mighi» be about 
equal to the second straight line or a secant modulus, depending on the 
amount of pre stressing*    For this reason, the secant modulus at 0*2 
percent strain offset has be3n computed*    Secant modulus at 0;2 percent 
strain offESU w-i±s not obtainable fox* &13 materials *2o thai the ssc^^t. 
modulus at 0..1 percent strain offset was also computed,. 

13-    The laminates which had the lowest strength are again those which 
were made of phenolic res-ln and either 12C or lolt fabric*   These lai.iinr.tes 
contained voids which caused poor bonus between the laminations of fabric* 
The fracture of specimens from these laminates was a splintering, brooming 
type, which delarainated from the break towarcd the grip*    The void-free 
specimens had« in general,  cleaner hr-caks across the net section^ 

Iho    Flexure^   The results of the floxural tests, Group 1 of Tablo S9 
show strength" values comparable to those shown for the tensile tests* 
The flejcural properties^ however,  shew higher propcrtioua3.-lir.iit values 
and the average load-deflection curves (Figure 3) do not exhibit dual 

- Werren, Fred, Effect of Prostressing in Tension or Compression on the 
Mechanical i-raperfeies of two Cliass-fabric-base Plastic Lai.lnates* 
Forest Products Laboratory Report Ho* 1511.    Seotembor 19$0a 
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straight line;:;© The fioxural stresses^ being a combination ?£ tension 
snd compression stresses shov vy s detailed comparison about the same 
relation among materials as llits tensile tests© 

IS 
at 

'« Electrical properties© Any variation in electrical properties 
tributable to variations in fabrics was too small to be detected in 

the presence of the normal experimental errors* 

Series_2o Variations in Yarrs 

l6c Series 2 of this investigation deals with variations in the physic£iif 
mechanical, and electrical properties resulting from a variation in yarn 
Hccuntn» which is an indication of the number of yards of basic strand per 
pound of yarn© The evaluation of these properties vras obtained from panels 
made of I8x-U?i fabric with both polyester and phenolic-type resin* Tho 
yarn count of one set of panels was 1E>0 (15>a000 yards of bo sic filament 

coundi and that 
filament TIST noundl « 

eond !J%> «.'      Huo      CX^       V<"C- ,So< \J\J   j <xx U rj   ux    ua aJ»G 

3Jc.    The results shew that a difference in yarn count did not greatly 
affect the specific gravity, percentage water absorption, ultimata cum" 
preseive strength^ or flexor;:! strength of laminates made with either 
type of resin©    Neither did this difference significantly affect either 
the flatwise shear strength of polyestsr-tyoe laminates or the Iftod impact 
and tensile strengths of the phenolic-type lauinates©    This difference JJX 
yarn count seemed to affect only the flatwise shear strength of the 
phenolic-type laminate and the Izod impact and ter.sile strengths of the 
polyosfcer-type laminate©    These otj < igths were affected to the exten*. 
that the laminate with 150-eount yarn was stronger in impact and tension 
but weaker in shnax1© 

rlectrical properties^    No variations in electrical properties due 
iriatlons in yarn coun^ could be detected, because if present^ they 

18 „ 
to var: 
are smaller than experimental error and variations at.t,vibutr-ibl_« -hn 
differences in i^esin. content: 

Scries 3o Variations in ginish 

19o   The evaluation of the effects of differeiit fabric finishes on the 
properties was obtairod from laminates made with both polyester and 
phenolic*tyoe resins in combination with the I3l<»136 fabric for coivoariiBon 
with tho^e obtained from laminates made of l8l~llU~22i> fabric0    The 
results of the physical tests stow that the specific gravities of the 
lauinates with 136=iypc finish are less than those with 31h«type finish, 
The phenolic laminate with 136 finish contained some voids which caused 
greater water absorption and dimensional changes than were experienced :ln 
either the polyester laminate or the laminate with llU finish and plienolic 
resin*    It should be noted that the 136-type finish was intended pr±mar:Llv 
to improT-e the wet strength of a laninato but wet strength tests were not 
a part of this evaluation..    The results of the dry strength tests show, 
however, that the 136-typs finish with polyester-type resin had compret?.. 
slve.  shear, tensile, and fioxural strengths equal to or less than the 
ilil-type finish©    The Izod impact .-trongth showed a slight improvement o 
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All of the strengths, however,  from the phenolic panel with 136 finish 
were leas   than those with 114 finish.    Some of thi3 deficiency nay be a 
result of the low specific gravity., 

20, electrical properties. Any effect of variations in finish on elec- 
trical properties was small, md negligible in comparison to the effects 
of rosin content and the normal experimental error inherent in determin- 
ations of this kind, 

D.    Groun 2<- Effect of Laminating Conditions en the strength 
of Ila3tic3 

21. General.    The evaluation of the   effect of certain laminating and 
fabricating conditions on properties of glass-fabric-base plastics ?/as 
conducted on one combinaticn of materials, IS1-114-225 fabric plus a 
polyester-type resin.    This evaluation includes (1) the fabrication 
variable of thickness and (2) the combined effect of varying the resin 
content and pressure during fabrication.    To evaluate these effects, the 
same physical, mechanical, and electrical tests were conducted on 
laminates in Group 2 as were conducted on laminates in Group 10 

22. Re3in content.,    The resin content of the panels in Series 5 varies 
from 210£ to 41.6 percent.    The desired range for this series v<as from 
20 to 50 percent which was  to be accomplished by a pressure variation 
from 395 to 2 pounds per square  inch.    The 2 pounds per square? inch 
pressure, however, resulted xn ^9.5 instead of 50 percent resin content- 
It may be noted also that the 61 pounds per square inch laniinating 
pressure  (panels 1.7 and 1.9) resulted in a 33»2 percent re^in content 
which is  greater than the 30.0 percent resulting from a pressure of 45 
pounds per square inch, all of v.hich means that the resin content is 
dependent upon factors other than pressure.> 

23. 3r.eeific gravitya    A3 the resin content increases,  the specific 
gravity decreases, which is as expected, since glass is heavier than 

24.    ./ater absorption and dimensional stability,    A comparison of the 
water absorption values as shown in Table 2, Column 5» indicates that 
the percentage of water absorbed increases when  the thickness of the 
laminate is decreased*    The values range from 0.05 percent for l/2-inch- 
thick material to 0.22 percent for i/lb-mch-^hick naL-eriai0 

25o    It appears, by a comparison of values on Series 5. that the resin 
content has little effect on the water absorption except that at 2'lc$ 
percent resin content the per-centage is higher than normal, with a value 
of 0.36 percent* 

26. The values for dimensional change appear to be unaffected by 3ize 
or resin content as shown by Table 2, Columns 6 to 8 for Series 4 and 5< 

27. Compression, ^hear ana izod impact strengths.    The effects that 
laminating conditions have on the compression, 3hear, and Izod impact 
~ ' -r*~ -*- l~     ~ —-*     ~1-—..-.     4 ~     t?3  .^* •-.,•.      I "?-,*.-.v>    4- U,**,,*!-*     +• U.-.     - •» , -A. t-      - *•    JU».  — — *- 

laminates may be affected by their molding pressures as well as by their 
resin contents, the combination of these effects is shown plotted as a 
function of rssin (jontent only. 

-U-. 
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23*    This visual comparison of values and those presented in Tables 4, 
6, and 7 shows the following trends: 

a.    The edgewise compressive strength increases with increases in 
thickness froiu 1/16 inch to 1/4 inch;  the strength of the 1/2-inch-thick 
laminate is about the same as that of the 1/4-inch laminate. 

b0    The flatwise shea,* strength of these laminates shows very 
little increase in strength with increases in thiclncsa,, 

c,    The edgewise Izod impact strength also ircreases with increase 
in t ickness, having values of about U foot-pounds per inch of width at 
1/8 inch and 17 foot-pounds at 1/2 inch of thickness„ 

do    The edgewise compressive strength appears unaffected by resin 
content* 

e.    The flatwise shear strength  decreases slightly with increase in 
resin content. 

fo    The edgewise Izod impact strength decreases with  increase in 
resin cent onto 

29°    Tension.    Figure 5 presents graphically the results of tensile 
tests, which are tabulated in Table 3, to show  the effect of laminating 
conditions on tensile properties of plastics.    This  figure shows that 
both  the maximum tensile strength and the secant Modulus at Go2 percent 
strain offset are reduced by an increase in resin content*    The tensile 
strength decreases from 53,000 pounds per square inch at 21s8 percent 
resin content to 29,3S0 pounds per square inch at 41*6 percent resin 
content or about 1,250 pounds ^er squaro inch change in stress per percent 
change in resin content.    The secant modulus decreases about 37»GO0 
pounds per square inch per percent change in resin contents 

The proportional limit stress appears bo be unaffected by either resin 
content or thickness of the laminate.    Due to the scatter of points,  it 
is difficult to determine the trend indicated b;  the point" for effect 
of thickness on secant modulus or maximum tensile strength, althou;;h there 
is some indication that tensile strength increases with  increasing 
thiekueaSo 

30, Flexureo    The results of the flexural te its as shown on Figure 5 
Indicate decreases in modulus of rupture and secant modulus as a result 
of increases in either thickness or resin content„    Slight increases in. 
compressive and tensile strength v^ere observed with increases in thick- 
ness, yet these flexure testa show a decrease in strength with  increases 
in thickness„    The decrease In modulus of rupture v&th  increase in 
resin content is in agreement with the tensile test results,, 

31. Electrical properties„    No effect of panel  thickness on dielectric 
constant and power factor was discernible!, 

i 

i 
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32«    The dielectric constant of the polyester laminates hid a striking 
relation to their resin content, as illustrated in Figure 10.    The 
dielectric constant decreased as the resin content increased, which would 
be expected if the dielectric cunatarit of piass  is higher than that of 
the polyester resin*    There is a certain aiuount of scattering of the 
points, but it apjiears that the re^in content - dielectric constant curve 
follows an approxiiaately straight .'Line over the range investigated* 

33«    The power factor of the pol/«aUsr leuainates was ap iroxiraately 
constant over the range of resin content investigated,  suggesting that 
the power factor of the polyester resin nay be approximately equal to 
that of the gLas3 U3ed.    The power factor of panel 4„3 appears   very low 
(and a low paver factor is desirable) but this  may not  indicate a real 
superiority of this panel in this respect.    The data on this panel turned 
out in such a way that in the course of calculation of power factor 
most data were not usable because they were outside the range of certain 
curves used for calculation purposes, hence the figure  reported is one 
single value rather than the average of several, and it is believed to 
be too low, 

34.    The points for dielectric constant and power factor of the phenolic 
resin laminates would be crowded both on Figures 10 and II, and there 
appears to be little relation betv.-jun  r»idn content, and electrical 
properties.    No aottnipt was made, therefore,  to plot the points but 
instead a circle was drawn on each figure, which would enclose all points 
for phenolic laminates except a few representing panels of abnormally 
low specific gravity and which in so.'.ie cases contained voids0 

35»    If & low dielectric constant an.l power factor are considered desir- 
s.oie, then of the aatorisxa  Lasted all pulyester laminates, tested having 
resin contents of 30 percent or over were superior to the phenolics in 
respect tc dielectric  constant,  arid all pol ester panels  regardless of 
resin content were superior to the phenolics in power factor. 

363    From the results on both polyester   ad phenolic laminates, it 
appears that a certain -weight or percentage of glass has a certain effect 
on electrical properties,  irrespective of tb« rinnner in which  the glas3 
i& present (weave, ya.-r: count, finish). 

C.    Group 3.    Variation of Strength Froperties Because of 
revaluation Conditions 

37o    General.,    The third grcu-- of to~ts \:p.is conduced to determine the 
effect of a specific evaluation condition — temporalure at the time of 
test.    L'.ech-nicai tests were conducted on  test specimens at temperatures 
of -65°F,  -30°F, 0°F, 30°F, ?5°F, 120°? and 160°F.    Specimens were held 
at the respective temperatures for l/v hair before teat.    Physical and 
electrical tests \-iere.  however, conducted at room temperature,,    Average 
values of strengths obtained are shown on the various' tables.    These 
values are shown also in Figures 7, £L and cj„ 

3 
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in Table 2 for Group 3> which ware obtained at room te./ipsrature, show 
now nearly identical the pane's are to each others    The panels having 
polyester-type rosin, for exarap?».o. have resin ODnttmts between 30»0 and 
36»4 percent,    The pair of control panel"? in Group 1 had re3in contents 
rtf   %"i-h   anH   '<'-(.. 1   nr>r"-fT>trt-.      Tf^Tinft.n-wwlir.       ThQ   Tjans^ 3   ^ vin"   nhenoli'"— 

type resin 3how oven less variation — the range i.3 23o3 to 23*9 percent 
The specific gravity and water absorption values in Table 2 also show a 
uniformity of result s0 

39 o    Mechanical properties0    .'ill of the mechanical test3 in Group 3 may 
be discussed together because they show  the same trendo    The data on 
Fimares 7, 8, an:i 9 shew   chat for increases in temperature from -65°F to 
160°P there is a decrease in strength.    That decrease in strength is 
greater for  the laminates having pclyestor-typs resin than for the 
laminates having phenolic-type resin <>    The trends are shown by broken 
lines through the scattered points.    The scatter is- of course, due to 
the method of matching the specimens in this series of tests*    Bach 
point represents the average  value fro.:i five specimens from a given 
panel so  that the scatter includes the variation between panels*    The 
trends, however, arc well defined, except for tensile stress belo?? 
iflaxluum,,    The stresses at» intermediate points on the stress-strain curve 
in tension show .10 trend (Table 3, Group 3» Column 7) or slight upward 
trends (Columns 8 and 9 or Figure 8),    No particular significance i3 
attached to this behavior because the initial tangent modulus (Column 4) 
decreases with increases in temperature the sane as tba  other- strength 
properties,,    Thi:; decrease in modulus indicates a flatter initial slope 
and hence a £«?atcr 3train and stress, at the 0»1 or 0o2 percent strain 
offset than experienced at the  low terape ature.% 
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Ac    Group 1.    Evaluation of Laminates I'ade of Fabrics of 
Different >/eave3 and Yam Types 

4C    7.116 table s and charts show major differences among the materials 
such as:    (l) The unidirectional proper&y of 143 weavej  (kO  ^hs 

detrimental effect of voids c-nd low specific gravity;  and (3) the small 
change in strength duo to a difference in yarn type,.    The effect of 136- 
type finish is not conclusive because of the low  ~la~~ contort of the 
panels tested, 

41o    The results show also the reproduaibiHty of  rallies from two identical 
panels0    This reproduclbility may be seen by comparing the values in Series 
1 obtained from panel 1,7 with those of 1,9 or the values obtained from 
panel 1^8 with those of 1.10c    The average test values obtained from 
identical panels  aro in such close agrsernev.t that they were a^R^aged to 
give a value which represents the strra-.gth for that particular combination 
of materials.    This representative value w;.s then used for comparative 
purposes in each series which followed, 

42c    Electrical propertiesc    The dielectric, constant and power factor 
appeared to be affected little, if any, by variations in fabrics, yarn 
count, or finish.     Any deferences in these electrical prop-arties that 
ma;/ have resulted from variations 5JI theso factors were so small that 
they are within the limits of experimental error„ 

B,    Group 2.    Effect of Laminating Conditions on the Strength 
of Mastics 

43=    The datf:  obtained in Group 2 show thai- the fabrication variables. 
'> do affect the mechanical properties.    Tests 

of laminates which varied in thickness from 1/16 to 1/2 inch indicate 
that increases in t ickness  caused increases in the compression,  shear,, 
Izod iipact, and tensile strength,    Fioxural strength wa3 the only one 
which shewed a decrease.    Tests of la::iinattss which varied in resin content 
from 21.8 to 41<»6 percent showed that the ::hear, tensile, flexural, and 
Izod impact strengths decreases with 5_ncreases in resin confcento    The 
conpressive strength apjieared to be unaffected by resin content, 

Co    Group 3o    Variation of Strength Properties Because of 
3valuation Conditions 

44o    The res-alts show that the strenf h of glass fabric-base laminates 
fabricated with either a polyester- or phenolic-type re3in decreases with 
increases in temperatures at time of test} also, that those with poD.yester- 
type resin d«crease more than  those with paenolie-type resin.    Thy exaco 
amounts of these decreases vary with the msch.anical test.    The amounts 
are shown in the tablos for particular applicationSo 

3.0 
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^able lo-~-Fab^i3atl.orL methods used in inaldLnff laminated panel3 of glass 
fabric,with.Jgffical..polyester and*~phenolie resins 

Naval 
Ordnance 

T. o Trtnva+.mw 

Panel No-<> : 

PoPoU»t 

Res.in~" 
type 

Type of 
clasp, 

fabrio* 

: Number: 

: plies&: 

Thick*, Cure eyele 

:T2D.e:Te8»» :Pre&~ 

In0 : !fc\>: °P« :P«.s<,i<, 

GROUP X - VARIATIONS IN FABRICS 

Series 1 °- Variations in Weaves 

269GF12131 : Id : Pclvest-ar : 12£~H4 
m * « • • • 

269GP1472     : 1,3    .oo<,.dOo„ •»<,<>. 3-43-114 
• « • 

*~ '-•- J\J*> ^^^ f^? * J-O.^ •  O O O Ovt*NJt> 9 O O ft •     j-*-?^/-"a-.i.*v 
• * • 
V • * 

2S9GP1396      : lc.7    :-Oi,0do00000: 131 -J.1/V22? 
* * • 

2&9GP1397     % lo9    *..,oado80J,5! 1^-114=225 

2S90P12129    l loll ;oooo&>coo»»: 1S2~114 

2S9GB13U4 :  1,2 :  Phenolic    s 12£~n4 
2S9G-B13142 : lo4 ?oooodooc,000j U^^Uk 
2S9G314LA6 t  1^6 s,.^do,9CSSt l$/;-ai/. 
2S9«J312L'+0 J  loo :00coQ3oaoooX I8I~1I4°»225 
O^OTin   TO'!/."!     .Tin. .c~ »    -! rtl    t "> I     "V3 r 

<; » «:. o 0/5 0000 

259CSB12145   * lol2 io..»d0oolloi 182-114 

Series_2 -^Vs.i'iations in Yaiiis 

IB    :0o127 5 5    s    75 : 10 
: .24    : 110 s    0 

14   1  0I46 : 5    s    75 s    6 
• * '•21, UO s 0 

9 * 
* 

oJLJ>( '.  5 
:24 * • 

75 s 
13.0 ; 

5 
0 

15 
• 

ol39 : 5 
?24 

• 
• 

fP x 
no ? 

61 
0 

15 * ol42 .   e. •   »» 
$24 

• • 
• 

75 : 
no : 

61 
0 

10 • 
• 

ol31 •     -/ 
s24 

0 75 . 
110 ? 

16 
0 

19 ; *136 .  1 ; 10 
15    :  d36 : 1   : 300 :    7 

JLP : *JJ&$ : 1 s 300 x 37 
15 : oi2? si: 300 5 37 
10   :  „333 : 1    5 300 : 20 

269GP1395      :  2C1    :  Polyester . 181-U4-150 :    15    :   .137 :  5    :    75 :  6l 
: : : : s ; 24 ? no :    0 

269S313143    t  2o2    s  Phenolic    ?  181-114-15C :    15    :   ,131 :    1 : 300 ;  37 

(Page 1 of 3} 
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Table .Lo~-Fab:ricatiori methods used in.jn3ld.nn larAnatgd panels of glass 
fabric with typical polyester and phenolic resins (Continued) 
an i a i     ii  i   11   MI  i ._ i JI ii   i M   ' i • -— - -1—   - ••** —      ' —-.   •3-ciu.--.-r- mmmem •     « •      i •••" —————» 

Panel Ko»            ; Resinr*   i 
type        : 

Type of 
:        fuass? 
:      fabric^ 

Number: Thick-: 
:    of    :neseifc : 
: plies*-: 

• 
*                         • 

!        Cure cycle 

Naval          : 
Ordnance 

Laboratory 

F.P,L„: 'Tiuie:Tem<» :rres" 
;        : pera«: sure 
:        :turG : 

:            :  Iiu :Hr«  :  WF.  :Pc.sei„ 

Series 3 ="• Variations  in Finlbh 

269GP12149    ? 3.1    ; Polyester : 181-136 15    s0.179 :    5 :    75 s     61 
: : 24 t HO s      0 

Group 2 — ^ARIaTIOlIS IN FABRICATION PROCEDURE 

Scriaj 4 -"» Variation in Thickness 

269GP5394     s 4d   : Polyester : 181-114-225 %    64   :  «532 :    5; 75 J 61 
?:                     :                         i           s            t 24 s 110 : 0 

269GP2675     t 4»3   :...cdo.....: 181-114-225 :    32   t  .266 J    5 S 75 J 61 
:             :                        t                            :             :              i   24 : 110 : 0 

269GP0674     : 4o5   :.o0*do0o..<>: 181-114-225 :      8    :  O066 s    5 s 7.5 : 61 
:                                  :                         s            ;            § 24 *. 110 r 0 

Series 5 -~ Variation in Molding J¥f3sur3 and Resj\\ Content 

269QP11132   : 5»1   : Polyester : ISx-I14~225 :   10   :    clll-    5 « 75"« 2 
:             :                       :                           :             s             :  24 s 310 : 0 

269GP12103    s  5o.'B    :OJ.cdo.0<o0: 181-114-225 :    12    :    „130:    5: 75 : 10 
:            :                      :                          :            :            s  24 J 110 J 0 

2690P11104   : 5*5   iocodooo.o.: 181-UV225 :    14   x    .119:    5 J 75 : 45 
:            J                      :                          :            :            :  24 : 110 : 0 

269GP13130   5 5*7   So«..do..e5s; 161-114-225 :    1?   :    .136:    5 : 75 : 395 
*            *                      '•                          :            :            : 24 : 110 : 0 

(Page 2 of 3) 
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Table lo^Fabilcation methods used in asking Isr.inated panels of glass 
frbric \-ath typical polyester and phenolic resins (Continued) 

Panel Kot 

Naval sP.P.I.« 
Ordnance     : 

Laboratory   ? 

Reslri 
type 

T;ype of 

fabric^ 

Number;Thick* 

plies^-t 
<M.       ,. i 1HC3C 

In« 

Cure cyele 

Time;Tem«- :Pres- 
: pera,-: sure 
• r.UI*e  J 

Hl*o t   __*_•    : P o S o a.« 

• 
UoX 

269GP13100 ? 6.3 

269GP1398 . 6.5 

GROUP 3 — VJRL.4TI0N3 IK EVALUATION CONiJiTiuNS 

Series 6 -— Variation in Temperature at- Tims of Teat* 

•p_-:„—i—,  .TOT   ni^oir  .     ie     . o T?tt  •      K   •     r/K 

: : : :  24 : 110 

,„.4o.o...s 181-114-225 i    15 

... ».-.do, ,:  131~H4~225 '    15 

269GP14101 

269GP1399 

6„?    :.na,<3iDa3oes; 181-114-225 

6<>9    :.s.«do.«...: 1S1»114='225 
* • » • 

601}. :.e.0do«.»..: 181-114-225 

15 

15 

15 

„142  : 5 : 75 * 
i 24 : 110 s 

<>3^2 s 5 ? 75 t 
s 24 = 110 : 

.135 t 5 ' 75 ? 
? 24 s 110 : 

•       O-H^ 

145 

136 

:    75 
\x> 

5 :    75 
24 : 210 

AT 

61 
G 

61 
0 

61 
0 

61 
0 

61 
0 

269GB12139 : 6.2    :  Phenolic    : 181-114-225 
269GB12138 •- 6„4    :e„..do6.,..s 181-114-225 
269GKL2137 ? 6*6   :»,8,do«,«,...»« 181-114-225 
269BS13!36. : 6*8    :„„..,do,,,,,: 181-114-225 

269GB12134 : 6*12 :,0*,do.u..c! 181-114-225 

15 
15 

oi27 
*125 

15 : o!26 
15 ? o^26 
15 i J125 
15    :  Il27 

1 s 300 s 37 
1 s 300 : 37 
1 : 300 i 37 
1 s 300 : 37 
1 ? 300 ? 3? 
1 -. 3C0 : 37 

Polyester resin v&a Paraplex P-43 (Catalyst System of 1025 percent DDH and 
1 percent Nuodox)0    Phenolic resin was 13akelite B717085o 

2 
"Detailed descriptions of fabrics in U„ S. Air Force Specification Hr>5 12051o 
J 
Plies parallel li^minated for ap proximate ?../8~ineh thickness except series 4 

which has l/2-;! 1/4-, ar.d l/l6--inch thicknesses for 64; 3?> and 8 ply con- 
structions, respectively„ 

3 

it 

5 

-»—~ ~*~.  ~*p  or> io;j.sur'"inBnts<, 

The temperatures at tine of te3t are listed on subsequent tables \/here the 
effect of temperature on the properties i,-. shownc 

(Page 3 of 3) 
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Table 2.--Physics'', properties of gl&es-fabric•!»« plaetlc laal^at«» 

F.F.L. 
panel 
Ho. 

Factors lr^eatlgated Reela i  : 
content- : 

Specific :  Wuter  ,: 
gravity? : absorption"": 

Increase In dimensions 
due to water absorption* 

Length : Width : Thickness 

(1) (2) (3) W      :   (5) (6)  :  (7) (8) 

: rorr-ocT :          Percent :Percent :Percect : Percent 

OROUP 1 — VABIAT.10K3 IK FABRICS 

u.-i a*-If 

1.3 
1.4 
1.6 
i.8 
1.10 
1.12 

2.2 

128-114 - pclysstar 
143-114 - pclyestar 
164-114 - polyoeter 
181-114-225 - polyester 
181-114-225 - polyester 
182-114 - puiy<ii»i«r 

128-114 - phenolic 
143-114 - phenolic 
lfi-114 - phenolic 
161-114-225 - phenolic 
l8l-llU-225 - phenolic 
182-114 - phenolic 

58.1 
37.2 
je.i 
3*-4 
33.7 
3?.? 

29.3 

24.8 
2? .2 
2k. 5 
22.7 

1.815 
1.605 
1.805 
1.892 
1.678 
1.910 

1.485 
1-733 
1.410 
I.815 
1.848 
1.726 

Serlec 2 — Variations in Tarns 

lP.i-ii«-150 - polyester  :      33.1 
181-114-150 - jJienollc    :      22.3 

1.893 
i.3u 

0.15 -0.04 
.07 -.09 
.14 -.09 
.09 -.03 
.09 .03 
.10 -.01 

5.57 -.02 
.74 r.i 

2.29 -Oil 

.94 .OP 

.62 .03 

.81 .04 

0.00 
.00 
.0"S 
.00 
.03 

-.03 

.0* 

.07 

.00 

.00 

•13 
.71 

-•03 
.00 

.00 

.Oi; 

0.* 
.00 

-.24 
-.24 

. ,51 

.25 
• CO 

.00 

.26 
•52 

.00 

.00 

3.1 181-136 - polyester 
iSi-136 - phenolic 

44.7 
36.3 

ilene in Flr.ish 

1.758 
1.683 

.14 
1.57 

.00 

.02 

GROUP 2 — VAHIATIOJIS IS FABRICATION PPOCEMJRE 

Series 4 — Variation In Thickness 

,00 
.10 .61 

4.1 
k.3 
4.p 

1/2 inch 
l/4 incn 
I/16 inch 

5-7 

O — m    . 

10 p.e.i. 
»5 p.8.1. 
395 p.«.< 

27.0 

27-9 

1-975 
1.957 
1.987 

• 05 

.22 

.04 

.Ou 

.02 

Series 5 — Variation In McUlag °~°?r-e and Pstln Content 

41.6 
5C0 
21.8 

I.7??6 
1.936 
2.036 

.XT 

.13 
•17 
•36 

-.01 
-.01 
-.02 

GROUP 3 — VAHIATIOHS III KVAUJAT10S COHDITIOHS 

ria» 6 in T«Bt^«raT.nT-w a* Tine or Tsflt 

6.1 -65' F 
6.5 -30° F 
6.5 0* F. 
6.7 30' F. 
6.9 120 F 
6.11 160° F 

6.2 -6;,' F 
6> -30* F 
6.6 C* F. 
6.8 30" i. 
6.10 JU?0* F 
6.1? i*n* » 

32.1 
35.3 
30.0 
31.5 
56.4 
32.1 

23-6 
23.6 
25.•> 
23.8 
23-3 
25.9 

1.916 
1,880 
1.908 
1.912 
I.878 
1.912 

I.822 
1.855 
l.aso 
1.840 
1.357 
1.840 

.12 

.12 

.13 

.16 

.14 
• 33 

.&9 

.66 

.83 
•7i 
•75 
.<j6 

•05 

•03 
.CO 
.00 
.00 

.03 .00 

.CO .00 

.00 .03 

.A* .00 

.01 .02 

.00 ,oa 

.06 .07 

.04 .03 

.04 .00 

.01 .02 

.00 .03 

.01 .05 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.12 

.00 

.00 

.33 

.40 
•13 
.00 
.40 

interallied by burning as described In paragraph F-6b(4) of U. 3. Air Force Specification 
12049.    Average of two specie*"* 

fuelght and dimensions taken oz» each 17-  by 22-Inch panel. 

-Weights and di*ensioa« taken accoriiog to Method ''OSl of Federal Specification L-P-406*. 
Lsnstfc or »i»cl=sn -as parallel to warp direction.    Avera** uf three specimens. 

t n 906kk f 
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Table 3.—F.ssulta of tnuelle test* of ^lass-fabrlc-base plastic laialnatsa 

F.P.L. 
pecol 

Factors investigated Delation  : 
of loaded: 

Modulus of elasticity      : Stress n.*     _ 

No.           : direction. lnitial:Secant at; Sauc-ni at: Frtvo?- i 0,1 pftr-r 0.2 per-: Huz-mm 
to warp : tangent: 0.1 per-  : 0.2 per-   : tiooel : cant       : cent    : 

: cent          . coiit        : limit.   ; strain  : strain : 
: a train,     : strain ; ofrsat  : effsst  - 
: ofr-a*.     : .offset    : : 

(i) (2) (3) W      : (5)       : (6)      : (7)      i (8)       : (9) 

ai'WV 

(10} 

Degress 1,000 : 1    *\r\r\ 1      SWl           . 1 ^.»w\    • •\    /^/^/\ •*    nnr\ 

P.S.I.! p.s.i. p.s.i.   : p.s.i.: trlA:,* IL-liL. iiSJLz 
GROUP 1 — VAEIATIOHS D! FABRICP 

128-111* . polyester 

Series 1 • - Variations in Weaves 

9.98  : 19.46 : 26.81 1.2                 : 0 4.12C  : 3.237   i 3.008    : 47-25 
90 2.382 : 2.116   . 2,016    : 11.56 : 20.80 : 26.50 41.65 

1.3                 : 143-114 • polyeeter 0 4,370 : 4,112    :  • I 40.35  : 70.35 : »••••.•• 76.52 
90 1,718 = 1,329 1,103    : 4.45  : 5.86 : 6.11 9.64 

1.5                : 164—114 - T*oi,°*8tsr 0 2,753 : 2,5*1 2,216 6.76  : ^W-OS : 22.80 55.67 
90 2,271 = 2,002 1,870    : 6.79 : 15.76 : 20.15 29.94 

1-7 i6l-ii.4-225 - polyester 0 3,315 : 2,936 2,781     : ii.w   : 22.53 • 50.96 41.24 
90 ?.925>   : J.MO P.,566     : ••0.64 : 17.45 : 

6.1 l8l-ll4-225 - polyester 0 3^236 : 2)866 2,757    i 15.02  : 25.28  • 35-74 5O.I6 
90 3,087 •- 2,739 2,598    • II.83   : 22.52 30.61 46.82 

1.11 lSg-114 - polyester 0 5,415 : 2.890 2,750    : 10.05  : 20.59 29.31 51.20 
90 5,46l : 2,897 2,728 9.0c . 18.02 25.94 51.72 

1.2 128-114 - phenolic 0 2.782 : 2,454 2,345 10.74 : 20.30 28 ..59 57-^8 
90 2 21S : 1»?98 1,766 6.85 : 12.79 17.21 27.65 

i.4 11*3-114 - phenolic 0 4,601 : 4,46s ......... 38.52 : 71.50   79.60 
90 1,701 : 1,256 1,026 3.50 • 4.75 5-23 9.56 

1.6 164-111* - phenolic 0 2,005 ; 1,765 1,636 8.17 14.81 17.19 19.96 
^n 
• - 2,143    . t    *ijsr> '-,706 7.21 • 15.11 15.60 21.29 

1.8 181-11V-225 - phenolic 0 5,427 : 2,990 2,845 iir.38  : 25.74 31.86 5?.26 
90 3,304 : 3,oas 2,729 li.31 21.19 29-30 49.44 

1.10 181-114-225 - phenolic 0 •M     eft" j.iw 2.S76 12.91 23-24 51.79 51-57 
90 5,425 "• 2',905 3,715 ic.;)9 18.45 24.84 48.65 

1.12 182-114 - yuenoilc 0 3,227 : 2,7£G ly.*»7 £C92 C8.25 45.64 
90 : 3,288 : 2,762 2,598 9.09 18.28 25-45 47.58 

Series 2 — Variations in Ti irns 

X . f    «X   Ki. 1 :  181-114-225 - polyssisr :         0 : 3,2?5 s,90.i :    2,76y : 13.09 :    23.81 : 35-55 : 45.70 
:      50 : 3,004 2,624 :    2,4*2 : 11.23 :    19.98 : 27.28 : 41.49 

2.1 :  l8l-114-150 - polyester :        0 t 3,390 2,890 :    2,757 : 11.41 :    20.92 : 29.42 : 50.91* 
:      9C : 3,192 2,699 :    2-564 : 10.69 :    19.63 :  27-53 : 50.28 

1.6 S> 1.10 :  l6l-lli»-225 - phenolic :        0 : 3,504 5,5*1 :    2,910 :   12.74 :    2} .49 :  51.62 t 51.81 
rui .    *    li n   firtc r\    Trvy .      1 1      1C in Ai :   J^.O'7 ;    JlG^QO 
7^> •      >,^VT «->.'.*-/ •         — , 1 — *- .   —-•ss 

2.2 : l8l-lj* 150 - phenolic :        0 ! 3,fS3 3,265 ••   3,110 :  10.92 :    21.87 :  51-52 :  50.95 
:       90 : 3,761 5,l4o :    2,951 :    9-46 :    20.57 : 28.48 : 47.35 

:  181-114-225 - polyester 

Series 3 — Varial -ions In F inl*h 

:  15.09 :    23.01 :  53-55 1.7 * 6.1 :         0 • 5,275 •    2,901 :    2,769 :  45.70 
: :       90 : 3,Oo4 :    2,624 :    2,482 :  11.25 :    19.98 : 27.28 : 41.49 

3.1 :  181-136  - polyester :        0 : 2,677 :    2,456 :    2,545 :    8.55 :    17.87 :  25.09 : 40.42 
' :      90 :  2,53? :    2,171 :    2.055 :    8,53 :    i?.6i : 20.U9 :  38.49 

1.8 s> 1.10 :  181-114-225 - phenolic :        0 : 3,504 :    3,061 :    2,910 : 12.74 :    23-49 :  31.82 : 51.81 
:    2,995 *    2.722 ;    11^35 r    19M. :   S7.07 : 49.02 

5.2 :  181-136 - phesolic .-1 :  2,696 :     2,365 ;       2*.69 :........ • " fife 
i      90 : 2,276 :    2,105 :  : 15.08 C6." :  : 50.10 

(Page 1 o? 
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hMl 5- •hlultl of tgagll? 

(Couttiued) 
tort* oi gi»»»~.Vo*iH-oe»<  plastic lgglnatae 

Bo. 

(1) 

Factors   lDW(--t ie"t*i 

(2) 

rotation 
of loaded 
direction 
to warp 

(3) 

Modulus of elasticity Strees at - 

Inl<:l%l:Sacant at;3ec«nt at:Propor- 
t«niiv»t:0.1 per-   ,0.2 per-  iUoaol 

:    c»nt      !    r=r,t      : 11^.11 
: strain : strain : 
: offset : offs^i . 

(k) (5 ) (6) (7) 

Peg— 

G5C0P 2 — VARIATICBB ZB FABR1CATI0I FSOCIDOHI 

.1 per- 
cent 

0.2 par 
cant 

offset   :  offset 

(8)      :    (9) 

ljOOO  :   i.OOO 

do) 

1..C0C 

garlgs 4 — Variation In ifrlcknea* 

k.l 1/2 inch tnlct 0 3,721 : 3,226 : 3,037 13.51 : 2*.02 : 53.u 51.88 
90 3,733 : 3,13* ; 2,959 10.k6 : 19.k9 : 27. T2 55-88 

k.5 1/* Inch thick n 3,619 : 3,153  : 3,015 12.25 : 25-37 : 55.V3 kl.50 
90 3,»65 : 2,911 : 2,737 8.87 : 18.77 : 26.66 35-8* 

1.7 a o.l 1/0 inch thick 0 3,273 : 2,901 : 8,769 13.09 : 23-81 : 33.35 1*5.70 
90 3,00* : 2.621. : 2,1*82 iX.'i) •• xy.yo : 2? .23 <*ju»y 

k-5 1/16 Inch thick 0 3.-959 : 5,89k : 3,133 11.68 : 20.81* : 50.6? 43-77 
90 5,k26 I 2,8*8 : 2.711 10=57 ! 16.91* ; 27.07 to.25 

39.5 perc»n^ 

- — »ftrle4 

0 

ion In Holding Pre, •urs And Resin Co ntent 

2k.75 ! 52.81 5.1 2.*-8l  ! 3,536  : 2,22ft Ik.57 : 1*5.05 
90 2,785 : 2,1*76 • ?,362 12.26 : 23.2t; : 51.k^ k7.ll 

=; x 41.6 percent 0 2,6£1 : 2,k75 : 2,410 11.70 ; il.56 : 28.01 n.59 
00 2-197 : 2.266 : 2.226 10.83 : iy.Jk : 21*.2fc 29.38 

1.7 a 6.1 VJ-','  percent 0 '1.275 : 2-901  : 2,769 : 13.09 : £3-81 : 35-35 1*5.70 
90 >,00k : 2,62* : 2,^2 : 11.25 : 19.98 : 27.28 • kl.i*9 

5-5 • ?0,0 percent :    0 • 3.53S i 3,i00 : z,935 : ii.55 £5.10 : 3k. ?8 : 41.5$ 
90 : 3,552 : *,997 : 2,800 : 9.82 18.71 : 26.33 : 37.5k 

5-7 21." percent :    0 • 3,8*6 : 3,320 : 5,lkl : 11.1* 2k.19 : 5k.6k : 53.86 
•  90 : 5.91A i 3,236 : 3,053 : 9.86 20.7k : 30.10 : 53.06 

GROUP 3 — VAKLRTXCSS 15 ZVAIL'ATICS unions 

Serleg 6 — Variation in Teaaerat'ir* at Tlss of Test 

1-9      : -65' F. 

6-3 -50* F. 

o.p 0" r. 

6.7 30" F 

1.7 a 6.1 75* F 

6.9 120* » 

6.ii 160' T 

6.2 -65" F 

6.U • „--J-   s 

6.6 0* F 

6.8 30* F 

1.6 a 1.10 75* F 

6.10 : 120' i 

6.12 : 160' F 

0 
90 

0 
90 

90 
c 

90 
0 

90 
n 

90 
0 

90 

0 
90 

r. 
90 

0 
90 

0 
90 
0 

90 
0 

90 

4,077 
I       At  A 

k,371 
k>06k 
k,5» 
x ma 

3,86k 
k,285 
3,273 
3,00k 
£,(63 

?!-753 
2,192 

k,390 
k,3l3 
k XTO 

k,05k 
5,912 
3,37k 
k,l83 
3,96k 
3,50k 
3,36k 
3,70>* 
3,»5p 
3,Zi* 
3,192 

3,36Y 

3,703 
3,520 
3,271s 
5»?« 
3,2^ 
3,25k 
3,3$? 
2,901 
2.62k 

2>5k8 
2^526 
l,9k5 

3,Y31 
3.626 
;,7U 
5,253 
3,39k 
3,050 
3,612 
3,332 
3,061 
2,995 
3,195 
2.952 
2,938 
i.-35l 

5,193 
5,357 
3,2S6 
3,118 
3,koy 
3 101 
5^11? 
3,097 
2,769 
2,462 

3,519 
5,573 
3,«66 
3,018 
5.222 
2,853 
5,tt3 
3,133 
2.310 
2,722 
3,1*0 
2>"'3S 

2,'fki 

12.01 
9.k6 

8-97 
u.» 
10.30 
11.90 
11.77 
13.00 
11.25 
it .a. 

IX.Ol 

13-37 
8.1*1 

12.6k 
12.45 
12.?k 
13.61 
13.30 
11.65 
13.98 
11.11* 
19.7« 
11-35 
11.50 
10.62 
12.52 
H.67 

20.59 
15.k5 
17-kk : 
16.62 
26.66 : 
ao.po 
22.39 
17.5k 
23.81 
19.98 
«o  ~~ 

30. u 
26.66 
16.73 

2»!.k9 
22.1*e 

22.93 
2k .63 
19.07 
25.85 
20.12 
25.k9 
19.81 
24.26 
19.79 
K.iS 
26.04 

29.92 : 
21.86 : 
26!k6 i 
26.73 : 
39-15 : 
ji.ik : 
36.17 : 
25.16 : 
33.35 : 
27.28 : 
«r    ten . 
ju • .-• r 1 
35:17 : 

5k.95 
50.6k 
IA   iQ 

30.2k 
59-16 
26.07 
3S.l*2 
29.85 
31.82 
27.07 
34.00 
27.17 

'56.45" 

57.10 
U6.60 
Tk.OO 
52-50 
b0.B4 
•iO.JV 
1*6.66 
40.6» 
k3.70 
1*1.1*9 
«*O.G6 
kk . ?A 

»7.34 
21.27 

66.30 
59.80 

5k.40 
59. Vk 
44.16 
55.98 
52.2k 
51.81 
49-02 
47.76 
46.97 
45.46 
t6.21 

Z m 90646 F (Pace 2 of 6) 
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Tt>bl» 4.—BSPSGUB CCBTJIHIW rtre&rth rf a:lasB-f«,prle-t*u>> flfig£lc laalsyfesa 

Factors investigated Moidtxl vith polyeeter rosin Molded vith pharoilc reoin 

F.F.L. 
panel 
Ho. 

Maxlzus . *•— ' —~4*V 

So.      : Lenxthvifie  ; 

treiigfch 

t«ngthu! •»• Crosewifee Crcsswlwe 

(1) (8) (?) (V) (5)      :        (6)          : i7) 

l^OOC 
p.e.J. 

1,000 
p.s.l. 

:        1,000 
:        p.o.l. 

1,000 
p.s.l. 

0KOOF 2 — MRIATICHB IH FABRICATIM PBOCSHJKS 

Series 4 — Variation In Thickness 

64 plj - 1/2 
3S plj - 1/4 
16 ply - 1/8 

Inch 
i^Ch 
inch 

pi7 -   i.'io   lntu 

4.1 

1.7 * 

*.5 

42,910 
39,870 

38,260 
39,j4c 

is,**) 

Series j — Variation In Molalna Preasure and Realn Concent 

59-5 percent 
41.6 percent 
V/\    A — Man4i 

33-5 percent 

21.8 poreont 

5-1 
5.3 

1.7 * 
1.9 

5-7 

33..ifo 
52,700 
ort nxn 

34,060 
30,000 

32,500 
35,340 

35,920 
35,160 

OROUF 3 — VACOASKBD IS 2-AIAIASIO* CORT'mOSS 

Series 6 — Variation In Teagaratura at Tlae of Teat 

0R0UP 1 — VARIATIONS DC FABRICS 

8«ries 1 — Varlatlona In Veares 

126-114 
i4i-u4 
164-114 
l8l-ll4-P5« 
18J.-114-225 
182-114 

!    1.1               ! 
: 1.3        ! 
: 1.5        : 
: 1.7 
: 1.9 
: 1.11 

23.890 
50,650 
24,370 
33,970 
34,190 
32,46o 

29,570 
24.100 
22,940 
33,640 
38,190 
39,550 

: 1.2 
: 1.4 
: 1.6 
: 1.8 
: 1.10 
: 1.12 

20,2y0      : 
40,900 
12,460 
32,89u 
VJ,600 
30,300 

24,770 
17,850 
16,020 
40,280 
35,720 
35,4EO 

Series 2 -* Variatiasa la fltM 

181-114-225 

181-114-150 

:  l.f * 
:    1.9 
: 2.1 

34,080 
33,480 

:    33,920 
:    37,<*20 

: 1.6 ft 
:    1.10 
: 2.2 

35.7^ 
35,410 

38,000 
37,620 

Series ? — Varis tticae in Finish 

181-114-225 

181-1J6 

: 1.7 * 
:    1-9 
: 3-1 

:     34,030 
35,630 

:    35,920 
:    3^,580 

: 1.8 U 
:    1.10 
: 3=2 

:      35,7^0 
:      20,100 

36,000 
16,440 

-65* ?, 6.1 44,340 38,080 6.2        : 44,100 42,000 
-30* P. 6.J 50,700 37,360 6.4        : 48,560 ^3,580 

0* F. 6.5 40,420 58.440 6.6        : 38.680 31,340 
30* ?. 6.7 41 .,940 39,26C 6.8       ; 41,360 37,180 
77* F. 1.7 * 1.8 a.    ; 

1.9 34,080 35,920 1.10    : 35,740 38,000 
120* I, 6.9 •      30,060 29.000 : 6.10      : 37,56o :    36,840 
l6C* F. 6.11 17,130 12,760 6.12     : 35,790 31,990 

7. M 906*7 r 
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Table 5.—E»iBult» or"  rlegurttl »eeta on gLtsi-rabric-bttSe plastic  lolnatea 

F.P.L. Pactore  lnTb?tigatoo .Relation Moialu.-. of slaatlclty      :        Fiber stress at - Modulus 

^AX4cl 

Ho. 
OJ"   -nsir. 

•direction Initial'Secant to:8*cant to:Propor-$G.i psr-;0.2 per- 
of 

•  t-o v*rp taagent :0.1 per-   ;0.2 Mr-   : Lional   :     cant 
.     s~rt        ;     Mnt        "'lSit     -   strslr 
:  strain    :   etrsiu    ;                :  offset 
:  offset     :  offset     :                : 

cent 
«tr-5c 
offset 

a) (2) •      (3) ("0     :       (?)       :       (6)       :   (7)       :     (8) (9) (10) 
-   . = _ _- = = ; = = - = = -  : ; ; :  , -. —.—,- 

:  Degrees 1,000   :     1,000     :     1.000     :   1,000   :  1,000 
T,.B.I.:    p.a.i.  :    p.s.l.   : p.s.l.: p.s.l. 

1,000 
P.a.l. 

1,000 

Z2&3? 1 YASIATIORS  IH FABRICS 

1.1 

1.3 

1.5 

1.7 

1-9 

1.11 

1.2 

1.4 

1.6 

1.8 

1.10 

1.12 

U?8-ll4 - polyester 

lAj-i.li* - polyester 

164-114 - polye«ter 

181-114-225 - polyester 

l8l-ll4-?>85 - polyester 

182-114 - polyester 

128-114 - phenolic 

143-114 - phenolic 

164-114 - pheaulic 

l8l-ll4-225 - phenolic 

l6l-il4-22* - ^enoiMc 

182-114 - phenolr.c 

1.7 * 1.9 : 181-114-225 - polyester 

2.1      -.  181-114-130 - poljsstar 

1.8 4 1.10 

2.2 

1.7 

3.1 

i 1.9 

1.8 & 1.10 

3*? 

Z M 906*8 F 

181-114-225 - phenolic 

181-114-150 - phenolic 

181-114-225 - polyester 

l8l-I36 - polyester 

UJ1-114-225 - phenolic 

181-136 - phenolic 

Series  1 • - V»riet ior.s ir veaves 

:         0         : 3,009 *,8l4    : 2,67s*     : 2O.0 59-6     : U.7     : 46.0 
:      90         : 2,710 2,510    : 2,378    : 20.2 31.3    : 37.9    : 42.8 
:         0         : 4,383 

1, i** 
4,194    : 
1,484     : 

dO.O 106.4    , 106.5 
* O    t. 

:       90         ; 1,351 ;*.0 i£**» «   1.           X. 
lHo£         • 

:         0 2,6*8 2,451    ! 5,-?95 23.0 35-5 *J.k    : 43.7 
i      90 ->•*<*> 2,253    : 2,107 1»»  I. 

'i >•» 27-0    ' 11     K 40.0 
:         C         : 3,347 5,122 55-2 

25  2 
55-2 »—  « 37.5 

52.9 r      90 3,082     : .........'  : 
:         0 3.392 3,3.63     : 

3,018     . 
26.8 55-0 

44.4 
59.2 
54.1 :      90 3,301 2,874 26.2 52-9    i 

:         0 3.304 3,147    : 2,">34 27-5 47.2 •34.4     : 50. l 
:      90 5,335 3,U9    : 2,939 25.0 46.9 52.0    : 59.6 

:        0 2,646 2,472 • •**••••• 22.9 55-9 • •*•••••* 34.8 
:      90 2,260 2,103    • 1,933 £1.0 30.2 33-7    : 54.9 
:        0 4,935 4,739 4,478 75.4 94.0 97-9    : 98.4 
.      90 1,717 M72 1,353 7.8 U.2 13.4     : 18.7 
:        0 f»    --V3T 1,66? 1,706 .1*716 21.6 23-4    : rtl.     X 

1.T  .^ 

t      90 2/r\4 1,733 15.9 21.? 23.5    : s\U     1 

:         0 3,558 3,167 5,057 31.5 50.8 58-9 65.«> 
:       90 T-»>£1 3,554 3,169 54.1 51.4 58.8 59.8 
;             0 3>5S3 3.*7fi S.'PSfi M .4 ">3-0 67.5 to .1 

:      90 5,519 5,095 2,946 26 9 43.0 50.4 &,i 
A . 3.296 3,068 2,914 31.0 45.8 51.6 Ri. A 

:      yu «;,ooo 8,7w JU.1 HO.J. •ny.j. •9.9 

0 :  5,369 
:  5,332 
: J,4iG 

5,142 31.0 :    y*.l 
•    44 -i 

58.5 
53-5 
60.8 

:      90 
:        0 

.    it (^n 25.7 
29.8 •    3,207 3,034 1    54.1 :    60.4 

:      90 ; 3.332 :    3,119 2,974 51-5 :    48.1 :     57.7 61.4 

:         0 : 3,470 :    5,271 3,147 31.it •    51-9 :    63.1 :    67.6 
:       90 :   5,420 :    ?>*K> 3,VC( j«o ;     •»(.«: :     ?»,o :     r«o 
:          0 s 5,737 •    3,5** 3,370 32.6 :     5S.1 :    61.3 •    o5.9 
:     yo : 5,5?i •    3,575 3,205 50.9 :    50.8 :    58.O !      59-1 

Series 3 — Vsxlai tions in T inlsh 

5         0 : 3.369 •    3,14* '••••»»••• :    51.0 • 1.   1     ,. :    58.3 
90 : 5,33£ !     5,050 :    25-7 

:    50.7 
:    1*4.7 
:    55.2 
:    46.0 

• :    33.5 
:        0 : 2,553 

:  2",280 
:    2,423 

2,155 

. 
:     59.5 
:    r>o,9 ;     90 :    33-3 

:    31.4 :        0 . 3,470 '    3,271 '   3,147 :    31-9 :    63.I :    67.6 
:       yj :   .>,•»««, s    J,«=^3 •      3i<SJI •    ?»•? ;      ••;..£ ;     ;?«v.o :     /).; 
:        C : 2,550 

: 3,173 
i   2,330 
:    2,026 

:     27.3 •   34.1 . :    3t,3 
t      90 I      1,954 :    18.8 :    26.1 :    29.0 :     31.3 

(Fase 1 of 2) 
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Table *>.--Results of flsxural taiti on glaBB.fap-.rlc Uaac plastic laalsates (Cootl^urf) 

(1) 

Factors mvestiguied Relation 
3* SPSS 

direction 
f;o warp 

(5) 

Modulus of elasticity 

Initial 
tangent 

CO 

Secant- .. 
0.1 per- 

cent 
strain 
offset 

(5) 

1 000 

:=i^r.t to 

cast. 
•train 
offset 

(S) 

Fiber stress at 

Propor- 
tional 

(7) 

0.1 per-:0.2 per- 
cent     :    cfeiit 

str»in  :   strmin 
offset   : offset 

(6) (9) 

2,000     r   loop 
p.s.l.   :  p.s.i. 

Modulus 
of 

rupture 

(10) 

l.QOO 
p.s.i. 

GROUT 2 -- ViJ!IiTI0S3 IH TAB5ICATI0B FSOCSC'KS 

Series '-i — Variation in Thickness 

!*.! I'2 isch                             • 

s-3 WL  .^v                                : 

1 .7 * 1.9 1/8 inch.                                   : 

• •5 l/l6 inch                               : 

Series 5 •=«- ? 

5-1 59.5 percent                      : 

•>;3 k\.6 percent                       : 

1.7 • -'.9 35-5 percent 

;-5 50.0 percent 

5.7 21,8 percent                       : 

0 
90 
0 

90 
•T 

90 
0 

90 

3.892 
5,f6e 
5,969 
*.&»\ 
5 '.369 
3>332 
3,707 
1»,002 

3.623 
5,50** 
5,719 
3;563 
3',11(2 
5,050 
5,i»9i 
5,C?3 

5,526 
3.V5V 

W^l/Hnir   P»— 

26,6 
22 s£ 
2U.9 
20.7 
31.0 
25.7 
32-3 

Costssst 

0 
90 

0 
90 

A 

30 
0 

90 
0 

90 

2,336 
2,838 
3,189 
3,017 
3.369 
3,332 
3,965 
3,610 
'•,137 
3,879 

53-5   
=<{.£ . » .   ... 
56.7 ...,,. 
.7.8 ...... 
«A.l .**••* 

W».7 ..-   . • a 

56.6 65,1* 
•» J .W 53.0 

50.8   : 1*7.6 
26.9   .• U5.6 
26.3   : i»5.l 
25.T  : •1.3 
31.0  : 54.1 
25.7  : 1*1* .7 
27-U  : 1*7.1 
26.1  : •(6.6 
22.1*   : i*;.i» 
25-9 : 1*8.9 

51*.5 : 
:    51.2    : 

:    1*8,7     r 

! 59-6 : 
: 52.6 • 
:    53-7 ' • 

56.2 
5i-9 
61.0 

58.5 
55-5 
(56.2 
52.2 

57-2 
58.5 
50.8 
1*9. k 
3S.3 
55-6 
65.1 
51*.1 
5**.S 
51.6 

GKOCT 3  — VARIATI0HS IX BVAJlMTICs! C0HD1T1CRS 

r^rlss fi -• Variation la Tsspsrsturs at Tlag of Test. 

6.1 

6.3 

6.5 

6.7 

1.7 * 1.9 

6-9 

6.11 

6.2 

6.I1 

6.6 

6.8 

1.8 4 1.10 

6.10 

6.12 

-65* F. 

-50* F. 

o* F. 

30-- ?. 

Y5* r. 

120* y. 

160* F. 

-65* ?. 

-30* r. 

o* F. 

30* F. 

75' F. 

120* F. 

loO^ F. 

:        0 5,5*2 5.370 
J>J**- jtj-j 

:        0 5,608 3,1*55 
:       90 3.334 3.188 

A 3,800 1,60? 
:      90 3.-513 3,515 
t                V S-869 3 j6eo 
:       90 3,552 3,322 
:         0 3,369 3,11*2 

>w 3,3;2 3.050 
:         0 5,031 2,798 
:       90 2,959 2,671* 
:         0 2.278 2,011 

90 1,888 1,709 

:         0 3,619 3ii*67 
:       90 3,1*78 5,291* 
;             0 3,810 3,6W 
:      90 5,»78 5,526 
:        0 3,626 5,1*66 
:       90 3.511* 5,27* 
:        0 U.363 H.051 
:      90 5,5.W J.CI-* 

:        0 3,1*70 3.271 
90 3,1*20 3.215 

:         0 3,715 3,1*7;' 
:      90 5.-606 3,36* 
:         ? 5,360 5,15*' 
:       *> • 3,217 2.97'i 

3,218 

-» -af'Saf 

3^160 

2.646 

1^663 
1,591 

3,202 

5,165 
3,878 
3,120 
5,11*7 
3.057 
3,555 
5,216 
5,012 
2,61*0 

6.0 
i*5-5 
1*9.3 
1*8.9 
!*!*.& 

33-7 
3x.0 
5^.7 
19.7 
30.? 
10.6 
9.9 

60,2 
Ut.i* 
59.5 
«2.2 
1*1*. 5 
33.6 
37.7 
29.1* 
31.1* 
30.5 
fc7*   I 

27.1* 
28.6 
26.8 

b/.O 
63 6 
67^8 
73.6 
66.2 
61.6 

55-0 
54.1 
kh.T 
35.9 
31.8 
16.a 
16.7 

73.2 

61.8 

*u.9 
59-3 
22.1* 

00.5 
62.1* 

05.I 
66.9 

78.9 92.0 
6i*.i» 57.3 7l*.7 
68.1 nf.   a 
•» 0 63.1 69.3 
620 71*. 0 78.1* 
1*7.1 56.5 67.2 
51.9 63.1 67.6 
1*7.2 54.6 •    58.5 
-»r +? 
1*3.8 55.9 

R6.5 
1*8.0 55.3 57.1 
39.3 1*6.6 52.4 

73.8 

70.1* 
77.1* 
71.2 
66.6 

63.3 
58.5 

1*5,1 
1*3-i 
24.2 

?. H 906k9 F 
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Table 6.—Flatvlss ahear strength or alaaa-fabrlc-base laalnat»e 
Tjo^aon-tjpe shear) 

^acto^H  Investigated Molded with, polyester rsotn Molded with phenolic resin 

126-114 
l4»-ll4 
ltft-114 
l8l»H4-2<5 
l8l-ll4-225 
182-114 

181=114-225 

I8l-ll4-i50 

181-114-225 

181-136 

»*.P-L. 
panel 

Ko. 

(2) 

Flatwise strength 

Ho. 

/-\ 

Flatwise otropyih 

(1) 

Lengthwise 

(3) 

:  Cj"csawiu6 :  Lengthwise 

:        (6) 

:  Crosswise 

:     !(7) 

3,000 
i-s.i. 

:      1,000 
:      p.a.l. ; 

•     1,000 
t       p.a.!• 

:       I.OOO 
Z              p»5•1• 

GB00J A — VAHIATICHS TW FABRICS 

Series 1 — "arlatlooa 1E ¥eaTee 

1.1 
1,5 
1.5 
1-7 
1.9 
1..U 

1.7 * 
1.9 

a.i 

1.7 ?• 
1.9 

5.1 

19.98 
lO.Jri 
19.51 
20.30 
20.07 
22.37 

21.78 

PO.T5 
21.88 
21.01 
21 = 24 

1.2 
A.4 
1.6 
-. «"> 
A.O 
1.10 
1.12 

Scries 2 — variations i- Turps 

20.10 
22.22 

21.44 
21.?!* 

1.8 «• 
1.10 

2.2 

Series 3 — Varlax Ions In Finish 

20.18 
16.68 

21.44 
17.62 

1.8 «• 
1.0 

3-2 

10.11 
6.to 
7.5? 

15.00 
16.46 
12.53 

15.73 
14.89 

15.73 
11.64 

GROUP 2 — VAK1ATI0MS Ul FABRICATION PBOCHMJRE 

9.26 
21.09 
7. PI 

17.26 
18.12 
12.51 

17.69 

17.69 
11.98 

i» P^y - i/g men 
32 Ply - 1/4 inch 
•>£   _•._ »  /ft    . 

8 PIT 

4.3 
1.7 & 
1.9 

4.5 

21.9C 
20.49 

20.16 
21.25 

83.72 
22.60 

21.44 
83.19 1/10 inch 

Series 3 -- Variation 1B Moluium Pressure and Begin Content 

39-5 P*rc»»t 
41.6 Jfc*rc«»it 
30.0 percent 
33»5 percent 

21.8 percent 

5-1 
S ' -' 

5-5 
1.7 * 
1.9 

5.7 

i9.:/> 
•> o   ~ , 
AU.CJ 

21.46 
20.18 

1902 
±y. 'o 
23.13 
PI.44 

21.27       :      21.22       : :  

0R0CF 3  — YABJAT1QS8 IH EVAUJATIClf C0KDITI0HS 

Series 6 ~ Variation In Tsa.perature at Time of Test 

-65' r. 6.1        : 
-yxm F. 6.3         : 

U" r. 6.5        : 
?. 6.7        : 

7?. F. 1.7 &    : 
1.9      : 

120" F. 6.9 
160 * F. 6.11       : 

Z  M 90n50 V 

30.04 
27.28 
27.6o 
22.93 

20.18 
17.65 
i4.4i 

30.20 :  6.2 
j>a_rw •  f, k 

25.95 : 6.6 
25.90 : 6.8 

:  1.6 i. 
21.44 :    1.10 
16.45 • 6.10 
lc.4*. : 6.12 

20.55 
1-. 8"s 
19.01 
17.8 J 

'5 = 73 
15.67 
13.43 

24.94 

23.21 
18.03 

17.03 
15.74 
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xtti's l.--jmggrim* icon ijjBS£JL2£E238&& or «;tJl»*"r*orlc jgjjgfjgS 

l'actora  ioMiatlg-Vad   : Mclde-d with i*ii/set'ir re.ila      : Molded with ssjoitoiic resin 

: P.P.I.. 
panel 
Ic. 

Sdgawls./ notch          : F.P.L. 
panel 
So. 

iidgevies notch 

; Lengthwise   :  Crossvise   : Lengthwise   : Crosswise 

(1)                    » (a) (3) W <5> (6)          :      (7) 

5 Ft.-lb.  oar Ft.-lb: T»r; Ft^-lb, u-sr  :Ft.=lb. sar 
: 
: 

la. of 
width 

In. of    : 
width      : 

In. of      :    in. of 
width     .   :    width 

OSCCP 1 — VAFIATICS@ TB FAHSICS 

Series 1 — Tarlatlgas In Wearee 

181-156 
185.-114-225 

3.1   s   13-9   S  12-0   : 3-2   •'   10.1 
1.7 ft : : 1.8 & : 
1.9  :   11.8   :  10.2   : 1.10  :   20.1. 

GROUP 2 — 7ASIATI0S3 IS FAERICATIOH rB0CED0T3 

Series 4 -- Variation In Thickness 

fk   T.-.T   -   ";.'=   —..->. . li i it)      1: 1»»    n 

32 pi*  -  1^4  t«eh : 4.3 11.8 :      10.0 
i£ ».»«• .. 1 in «-.»». •     1     t    1 

;      1 - 9         : 11    u ;       XO-5> 
8 ply - l/l6 inch : 4.5 13.9 i      12.3 

Serlos 3 — Variation in Molding Pressure sad Bee In Content. 

jy.-y percent !  -5.1         : 17.3 16.3 
a   y 

«X.%'    ^JlliVUU •  ?'j         • f .u 
jii.ij    ^CI*CBnt i 5-5        : 11.c 0 « 

35 •:> percent : 1.7 ft    : 
:    1.9      : 11.8 10.2 

21.13 percent : 5-7        : 23. 4 22.1 

OROOP 3 — VABIATICR5 IH ZVAUJATICW CGIDITIOHS 

Series 6  — Varlatloa In Temperature at T:_mc of Test 

128.114 !   1,1 20.4 13.9 . 1.2 12.9 10.0 
143-U4 :  1.3 36.1 i 1.4 43.9 2,1* 
i64-li4 :  1.3 23.8 2C.1 1 1.6 11.3 11.0 
lSl-lli»-2£5 : X.Y 12.7 lv«y : i.e 21.0 18.1 
181-114-223 ; i.y U.C a A : 1 = 10 1Q.4 16.5 
i8e-li4 :  1.11 20.6 21.0 : 1.12 20.9 20.9 

Series 2 - - variations in Tsraa 

181-114-150 : 2.1 19 0 : 18.5 . 2.2 19.5 16.9 
i8i-li4-225 : 1.7 & ; ; ; .0 <k 

:    1.9 11.8 ! 10.2 : 1.10 20.* 17-3 

1 Jei ies 5 -- Var iatloas in Finish 

7.2 

17.3 

-65* F. 6.1 26.4 24.7 » 6.2      J 26.8 23.8 
-30* F. 6.3 18.5 16.6 : 6.4         : 28.0 22,9 

0* F. «T    f _«"   n «->•> «-» - s *        VlV eo.o 22.0 
50# F. 6.7 13.7 10.8 : 6=8 oL   1 ^\^ « 
77" P- 1.7 i :  1.8 «     : 

'1.9 11.8 10.2 :    1.1C     : 20.* 17.3 JPO* r. 17.7 16.8 : 6.10      : 18.5 16.7 
ioO" F. 6.11 :        10.8 O   n : 6.12      : 16.1 16.0 

Z n 90651 T 
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l^ble Se — D£ aleetrlg eonatfttat and power fiffitgr ftf f^Uffll-^-f*^ laminates 

& a i 2 % 

F„?oLj   Factors investigated      s Hosin      s Specific *Dieleotrie s Power 
panels i content  i gravity    »    constant s factor 
ao0  .? i : 3 t 

- Esssmk * 
GROUP 2 - . VARIATIONS B! FABRICS 

lol 8 128-12-4 - ^iy eater * 3a*i .;; 108L5 8 
lo3 2 I4.3"li'v * polyester s 3702 8 Io305 * 
1..5 8 164-lLv - polyester % 33„i « 1„805 t 
1»7 3 I8l-li>225 - oolyester £ 33o4 * 1.892 a 
lo9 a 18i«»114-225 - polyester x 33o7 i 1..878 » 

1..2 i 128-13,, . phenolic * 29n3 *JsU485 i 
1*4 * 143-UJ> - phenollo * 24,5 AU733 » 
1*6 s 164-13U - phenolic s 24<>8 &Lo410 * 
I08 J 18l-aii:.«225   - pasnolio » 23„2 t 1,815 s 
lolO s 181-114-225 - phenolic s 24„5 O.84S s 
lr.12 8 182-lli. - phenolic J 22*7 3&1„726 5 

2*1 s 181-114-15G - polyester .< 333x : 1SS93 *     4o42      *    e.0086 

£lTAg* 3 — Yariatiowa In Zini^i 

4o03 it 0.,0J.C0 
/t IUA * 0119 
/    U « fiili 

*•: *•** " •> v.«««.w 

4*42 g (,051,02 
4*32 S e0113 
•4c>4-' St ,.0XGfe 

3<>79 A 

4..30 I „02ge 
3o60 8 '..0237' 

• ,024S 
4o7i £ ^0^4-0 
1      "5K X a 0237 

3d      « 181-13t  - polyester * 44o7 ",10758    a     4.-,05      s    O0095 
3*2      8 18&L-13C - ohenelle a 3&,5  sra=685    s     4.56      *    =0415 

Sanies A —» Variation in Thlpljftass 

4ol      % 1/2 inch .- po^regter            3 27o0    s 1,975    t   4,67 * e0084 
4*3     * 17* inca  - polyester           * 28e3    ? J«957    s   4,56 s O0045 
4,5      a lA6 1B-A - polyester         s 27»9    s 1.987     s   i,06l s c0097 

5ol      « 2 poB.io -polyester           t   39.5 * lo796    is   4ol6 s ,0101 
5o3      8 10 p9 So I.-polyester           *   41*6 » 10786    8    4.12 J c0i07 

(P«ee 1 or 2) 
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Table 8„ — Dlaleetyiq^.aonsii^it aM .pfflPjfl; g&ctor of glftgg-qlgfch laninatep 

i » i a ? 
F0P0L0  i Factors investigate^ * Resla sSpeeific Side atria*   Pca^i* 
panel    » :eozrtent Jpravxiy » constant  '   feotor 

HOo       * 2 J '; i 

5<>5 s 4:- p^Soir, '••• polyester  ? 30*0 * lc936 i     4,r72      3    -0117 
5o7 J 395 pPs<>3.p - polyesters 21,8 s 2D038 «     4* 74     *    <,009S 

C£0U? 3 — V&RJATIGNS IK EV^U'AilQN 

6oI x Polyester * 32<>:i 3 1C916 * 

6o5 iotoottdo^;,, „.*? 3^0 s 1-90? « 
Do/ i    oooo idOtd •>• • •uos« «.o • I 3t.',c5 J   jlo922 o 

^c-i7 -tfOiijuo'i'^oot'PficuOfloPooo* 30o'-*- 8   ^LoSrO o 
vcij. Jo o .> 0 0 o *"c conor'OOooAd?o<>3 Ji-o-i. *   ji o ^LJC • 

6>2 s Phenolic i 23,6 * 3.^822 % 
6o4 t|o»oeidOii,coic>gio.«90ii> 23c6 »   Xe>855 - 
OoD lso ;> 9 9c'iOo4 o» o n « • O 9 •>!» O I 23f> 5 *    * 0 "59 ' 
^C^ *0»009o40o«.0-»...90.00<»9.»: 23-8 s   left/.n •? 
^   in 

o v ft >"• « • • '"> o o o o O o a i 

C 9 .*> o n o « i A   12       1 -If «   9^   O       •  "5    D>^ 

4o/;-3 s 0o0109 
4c 39 % c010Q 
/-/.a « -OOQb 

••J c.0104 
4o44 3 c.cac« 
Z*tO Zrii. 6 o0100 

4o47 .i ,0249 
4,51 o o0247 
4o63 ,0240 

J ,0248 
4c 58 .-» „022tf 
/    ««7 s 0 w#-,^r*» 

• Abnoriiaiily low bpecaiic gravityo 
2 0=1 Slectriosu tssta were la^dy «t room tewipsivitMre,; 

i^ragt; 2 of !ij 
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Fig. 3. Load-Deformation Curve in Flexure For Flastic Laminates 
Made of Different Fabricee and Resins 
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Fig. h  Effect of Laminating Conditions on the Cempressive, Sheer, and 

Isod Impact Strength of Plastic Laminates 
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FIgv  5    Effect of Laainating Condition* on Tensile Properties of 

Plastic Laainsics 
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Fig. 6 Effect of Laminating Conditions o- the Fle>n 
Plastic Laminates 
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Fig. ? Effect of Temperature at Time of Test on Compressivft; Shear, arid 

Izod Impact Strength of Plastic Laminates 
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NA7CF.7/ E2TCP.T Z'J$ 

%vz* at Time of Tedt on Tensile Properties o.f 
Piratic Laminates 
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Fig. 9 Effect of Temperature s.t Time of Test- on Flexural Properties ox 

Plas-Mc Laminates 
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Fig. 10 Effect of Resin Content <">n Di«loctric Constant of Plastic Laminates 
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Effect of Resin Content on Power Factor of Plastic Laminates 
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